The recent and current discourse on education policy across Europe places great emphasis on the importance of incorporating aspects of Responsible Research and Innovation (RRI) in science education. A key aspect of education policy is that citizens should become better equipped to enquire into and understand socio-scientific issues, as well as to apply scientific knowledge and ethical values in order to form evidence-based opinions. The question of how the intentions of policy-makers can be translated effectively into educational practice, however, has yet to be answered. Against this background, the present paper will investigate how aspects of RRI can be embedded in the curricula of science education in various European countries. The framework we will present illuminates both the intentions of policymakers and current practices with regard to RRI within science curricula. It also helps map such policies and strategies in the area of science education across Europe. In the context of the ENGAGE project, this framework has been used as a tool for analysing the RRI components of curricula in the science education of students aged 11-16. The analysis is based on data gathered in 2014, takes into account prospective reforms and covers 11 European countries. The results of the analysis illustrate the potential of this framework as a tool for investigating how RRI can be embedded in science education and for exploring the space for intervention that policy-makers have. They also show that this framework can shed light on how the intentions of policy-makers and current practices with regard to RRI interrelate and on how moving from "words to deeds" can be achieved in a meaningful and constructive manner.
Introduction
In recent years, reframing -Science in Society‖ as -Science for Society, with Society‖ has gained priority on the European policy agenda (Owen et al., 2012) . Responsible Research and Innovation (RRI) is an emerging concept within the framework of -Science for Society, with Society.‖ This concept expresses the concern that the processes and products of research should be acceptable to society and relevant to public needs. Responsible research and innovation has been mainly conceptualized as an inclusive approach to research and innovation that calls on several societal actors (e.g., researchers, citizens, policy-makers, businesses, thirdsector organizations) to interact in the course of research and innovation. The vision that this concept embodies is to align the process and outcomes of research and innovation with the values, needs and expectations of European society as a whole (EC, 2014) .
The concept of RRI relates and is relevant to all scientific domains, especially to that of science, technology, engineering and mathematics (which are collectively referred to as -STEM‖). The importance of RRI in these domains arises from the fact that emerging technologies in STEM are closely connected to a host of ethical questions and choices (Sutcliffe, 2011) ; it is also reflected in the increasing number of studies that contribute to the RRI discourse or examine RRI from the more specific perspectives of particular STEM domains. Most of these studies concern various areas of technology and research, as, for example, the study by Douglas and Stemerding (2013) in synthetic biology, that by Owen and Goldberg (2010) in engineering and physical sciences or that by Stahl et al. (2013) in information and communication technology.
In contrast, only few publications examine RRI in the context of science education (Bayram-Jacobs, 2015) , although policy-makers name science education as one of the six focal areas of RRI. As is evident in the rhetoric these policy-makers employ, science education within the RRI framework has a prominent and multifaceted role. One aspect of its role is to equip future citizens with the skills that enable a better understanding of science and technology so that they can participate actively in informed decision-making and knowledge-based innovation. Encouraging this kind of participation will furthermore enable them to contribute towards the creation of a science-and technology-literate society. A second aspect of its role is to provide society with researchers who are equipped with the necessary knowledge and tools to fully participate in the research and innovation process in a responsible manner. In that respect, science education can help address the need for a skilled workforce in the fields of STEM that will contribute to economic prosperity and growth (EC, 2014) .
Against this background, this paper examines RRI within the context of science education. We begin with a review of the existing literature in order to identify how the relationship between RRI and science education is manifested in practice. Our review indicates, first, that the question of how policy intentions can be translated into educational practice is still open and second, that opinion on which aspects of RRI are relevant to education is fragmented. Following the review of the literature, we present an analytical framework for investigating the space for intervention available to policymakers who aim to embed aspects of RRI in science education curricula across Europe. Our framework facilitates the thorough understanding of intended policy and actual practice with regard to embedding RRI in science education; it also helps map the policies and strategies that are already in place in science education across Europe. This framework has already been used in the context of the ENGAGE project as a tool for analysing science education curricula for students aged 11-16 in relation to various aspects of RRI. We report the outcomes of the curriculum analysis we conducted using data from 11 countries; namely, the UK, Greece, Germany, France, Romania, Spain, Norway, Switzerland, Lithuania, Cyprus, as well as Israel. Of these, 10 countries are EU members, while the 11th, Israel, is an associated state. Our results illustrate the potential of the framework as a tool for exploring the space for intervention available to policy-makers who aim to embed RRI in science education.
How the relationship between responsible research and innovation (RRI) and science education is manifested in practice
Several broad definitions of Responsible Research and Innovation (RRI) have been proposed in recent studies. Within the growing literature on this topic, the most widely cited definition of RRI is that put forward by Von Schomberg (2013, p.19) , who defined RRI as -a transparent and interactive process by which societal actors and innovators become mutually responsive to each other with a view to the (ethical) acceptability, sustainability and societal desirability of the innovation process. However, despite the popularity of this definition, there is no unified vision of what RRI is, what it entails, what makes it effective and how it can be accomplished. Different researchers and policy-makers may have a different perception of what RRI means in practice. Nevertheless, all accounts have one thing in common: they all include the idea of societal engagement and stakeholder involvement, on the assumption that the processes and outcomes of research and innovation should be socially desirable and ethically acceptable (Stahl, 2013) ; that is, aligned to the values, needs and expectations of society.
From the perspective of policy-making, aligning research and innovation to the values, needs and expectations of society is crucial in order to address the so-called -grand‖ challenges that the EU faces; namely, to promote smart, sustainable and inclusive growth, to find ways to create new jobs and to offer a sense of direction to our societies (EC, 2010) . Addressing these challenges requires that future citizens have a better understanding of science and technology, if they are to participate actively in informed decision-making and knowledge-based innovation. It also requires that future researchers be equipped with the necessary knowledge and tools to fully participate in and take responsibility for the processes of research and innovation (EC, 2015) .
Science education, defined as creative education that can foster the future needs of society (Sutcliffe, 2011) , has a key role to play in this respect: it is through science education that the prospective actors of research and innovation-both researchers and citizens-can become adequately equipped to understand socio-scientific issues and apply ethical values, scientific knowledge and skills of inquiry to form evidence-based opinions. It is for this reason that science education has been identified by policymakers as one of the six key components of the RRI framework.
The literature on the relationship between RRI and science education is limited, mainly to policy documents and reports. One such report, published recently by an expert group, examines -Science Education for Responsible Citizenship‖ (EC, 2015) . This report is primarily targeted at policy-makers in science education and sets out the main challenges that society faces and how science education can help Europe meet these challenges. The report presents a framework of six key objectives that science education ought to pursue in order to promote responsible citizenship. It also makes a number of recommendations to policy-makers in the area of education both on a national and an EU-wide level. The report also focuses on the systemic changes that have to be made in various educational contexts to generate a sustainable effect across EU societies and Objective 1 Science education should be an essential component of a learning continuum for all, from pre-school to active engaged citizenship.
Objective 2 Science education should focus on competences with an emphasis on learning through science and shifting from STEM to STEAM by linking science with other subjects and disciplines.
Objective 3 The quality of teaching, from induction through pre-service preparation and in-service professional development, should be enhanced to improve the depth and quality of learning outcomes.
Objective 4 Collaboration between formal, non-formal and informal educational providers, enterprise and civic-society should be enhanced to ensure relevant and meaningful engagement of all societal actors with science and increase uptake of science studies and science-based careers to improve employability and competiveness.
Objective 5 Greater attention should be given to promote RRI and enhancing public understanding of scientific findings and the capacities to discuss their benefits and consequences.
Objective 6 Emphasis should be placed on connecting innovation and science education strategies, at local, regional, national, European and international levels, taking into account societal needs and global developments.
In the light of the ongoing discourse among policy-makers on the potential of science education to foster RRI goals, a considerable number of national and EU-funded research projects have been set up to promote RRI in the context of science education. The vast majority of these projects aim to raise awareness of what RRI is among teachers and students of science. These projects offer to participants, among other things, teaching tools and other resources, as well as opportunities for teacher training. Table 2 lists the EU-funded research projects on RRI in the context of science education that are currently under way. Bayram-Jacob (2015) conducted a study on the role of RRI in science education drawing on data from these projects, all of which are concerned with the implementation of RRI in science education. One of the main findings of Bayram-Jacob's study is that the common goals of all such projects are to promote scientific literacy and kindle an interest in science among students, as well as to foster the growth of a responsible society and a positive relation between research and society. The author concluded that the latter two goals are important components of any project aiming to implement RRI in science education (Bayram-Jacob 2015) .
The same study also examined the proposed pedagogies for implementing RRI in science classrooms. Generally, the predominant method is inquiry-based learning; in the projects on integrating RRI in science education that Bayram-Jacob (2015) studied, the most commonly used strategies are discussion, argumentative discourse and scientific reasoning. These strategies are considered most appropriate for promoting students' critical thinking, problem-solving skills and questioning abilities, which are important for pursuing the aims of RRI. As the account of these projects shows, science education can serve as a vehicle for RRI processes and outcomes and as a means of raising awareness of the principles of RRI among teachers and students. More specifically, in that context, science education could play a prominent role; namely it could help realize the RRI vision and thus help address the grand societal challenges that European countries face. In that respect, policymakers often refer to -science education for RRI‖, which emphasizes the systemic changes that have to be made in the context of science education in order to raise awareness and promote RRI. On the other hand, the related concept of -science education on RRI‖ expresses the relationship between RRI and science education differently, in that it places emphasis on raising awareness of RRI among science educators and students. To achieve this goal, it is necessary to develop and provide teaching resources and to promote pedagogical strategies that are relevant to RRI.
Both perspectives are of indisputable value to the stakeholders involved in science education; nevertheless, some of their aspects make it difficult for policy-makers, researchers and science educators to progress from intention to implementation: first, neither perspective explains how these actors can achieve the broad policy objectives of -Science Education for Responsible Citizenship‖ in practice. Second, there is a lack of concerted effort to promote science education in RRI; more specifically, there is no coherent, comprehensive approach to deciding which aspects of RRI should and could be incorporated in science education and how this could be achieved.
Our approach to bridging the gap between the intentions underlying the RRI framework and actual educational practice emphasizes the need to investigate the space for intervention; in other words, the scope for embedding aspects of RRI in science education curricula across Europe. For that purpose, we have developed an analytical framework to shed light on the intentions of policy-makers and actual practice-i.e. on how these policies enable the integration of RRI in educational curricula-and to help map the policies and strategies in place in science education across Europe. We will present this framework in the following section of this paper.
Framework for analysing science curricula in terms of RRI
To develop the framework for analysing curricula in science education in terms of RRI, we drew on -engaged theory,‖ which belongs to the broad tradition of critical theory. Engaged theory has been described as a methodological framework for understanding social complexity, which moves from detailed empirical analysis about things, people and processes of the world to abstract theory about the constitution and social framing of those things, people and processes. Engaged theory is reflexive is a number of ways [and] provides an integrated set of methodological tools for developing different theories of things and processes in the world (Cooper, 2002) .
The elements of the analytical framework
The framework covers (a) different national educational contexts, (b) six major areas of focus (c) three levels of systematic analysis. Table 3 presents the major areas that the framework covers and the rationale for including each such area in our study. Examining the pedagogical processes that are proposed in different curricula and those that are actually implemented in the classrooms will help us assess whether or not pedagogical strategies such as IBL and argumentation (which relate to RRI objectives) are evident and prioritized in the curricula of different European countries. Context (informal settings, society) and RRI We seek to assess the strength of possible connections between formal science education (which is provided in schools) and informal science education in relation to RRI; in other words, to what extent formal pedagogical strategies for promoting RRI are linked to similar informal strategies in scientific communities and society at large and to what extent students actively participate in such communities, are aware of and support RRI initiatives.
We examined the following thematic areas on three levels of analysis: recent curriculum changes in relation to RRI, curriculum objectives and expected outcomes in relation to RRI, curriculum content and RRI, and pedagogical processes and RRI. The three levels of analysis are: (a) the macro-level of what policy makers envisage, (b) the meso-level of how schools mediate the implementation of policies, and (c) the micro-level of actual implementation in the classrooms. We decided to apply multilevel systematic analysis in order to uncover potential conflicts between intentions and implementation. An overview of the four areas we studied on these three levels of analysis is presented in Table 4 . 
Pedagogical processes and RRI
Examine whether the pedagogical methods to be used in the proposed curriculum contain or prioritize RRI (e.g., IBL, argumentative discourse).
Examine whether the proposed pedagogical methods for CPD courses contain or prioritize RRI (e.g., IBL, argumentative discourse).
Examine whether the proposed pedagogical methods to be implemented in classrooms contain or prioritize RRI (e.g., IBL, argumentative discourse). Context (informal settings, society) and RRI Actors that promote and implement RRI initiatives; connections between schools (general and vocational) and providers/sources of informal education.
Method of analysis
To facilitate the thorough understanding of intended policy and actual practice and to help map the policies and strategies in place from different multidimensional perspectives, we applied the following method: (a) Horizontal analysis across three levels, focusing on prominent issues such as what priorities policy sets, how the mechanisms that mediate implementation are managed and how implementation is carried out (see Figure 1 ). (b) Vertical analysis across the main areas of focus, examining what conclusions can be reached in each case about the opportunities for incorporating aspects of RRI in science education and the challenges that need to be met (see Figure 2 ). 
Validating the framework as a tool for analysing science education curricula across Europe
As we mentioned earlier, the analytical framework presented in this paper has already been used as a tool for the analysis of curricula in science education (for students aged 11-16) in the context of the ENGAGE project. The analysis covered 11 European countries (UK, Greece, Germany, France, Romania, Spain, Norway, Switzerland, Lithuania and Cyprus, as well as the associated state of Israel). It is based on data gathered in 2014 and takes into account planned changes and reforms. With the aid of the analytical framework, which determined the dimensions of the educational context under investigation, a questionnaire was drafted to be used as a tool for gathering information in the surveys. The questionnaire was modified iteratively in the course of a cycle of improvements and feedback from the partners of the ENGAGE consortium.
In the process of completing the questionnaire, the respondents drew on their processional experience of RRI, as well as on data on the national curricula of the countries they represented and on previous research; they furthermore consulted RRI experts in their own countries. To start with, the completed questionnaires were analysed on the basis of national data, which resulted in 11 case studies; one for each participant country.
3 Subsequently, the researchers involved identified the differences and commonalities between the 11 participants and synthesized the information that the national case studies provided into a more general report. Table 5 highlights the main outcomes of this analysis with respect to the six areas of focus that the analytical framework addresses. Several countries are currently or have recently been engaged in educational reforms, focusing on science education. In some of the participant countries, such changes seem to be in line with the principles and thematic of RRI (e.g., in France for the age group 11-13, in Romania and Israel for the age group 13-16). In other participant countries, educational policy continues to focus on fundamental academic knowledge (e.g., in Greece and the UK). Curriculum objectives and expected outcomes In many participant countries (e.g., in the UK, Germany, Greece, France and Romania) content-based objectives (such as the acquisition of content-based knowledge) are prioritized in comparison to more RRI-oriented objectives (such as establishing certain values). In the vast majority of participant countries, the formal assessment of various aspects of RRI is inadequate. Curriculum content Information on the content of national curricula, student assessment and teacher training in each participant country is provided in Table 6 . Pedagogical processes With regard to the policies and implementation of inquiry-based learning, the picture is mixed: in some countries (e.g., in the UK, Lithuania, Romania and Norway) this type of learning is part of the curriculum and teachers seem to be well familiar with the pedagogical practices involved. In other countries (e.g., in Greece and Switzerland) the reverse is the case. In most countries inquiry based methodologies are not frequently implemented in the countries of both cases. Similarly, in most of the participant countries, argumentation does not feature in the curriculum nor do teachers implement or are familiar with relevant pedagogical approaches. Context (informal settings, society)
Although there are key actors that implement and promote RRI initiatives in all participant countries, there are few links between formal (i.e. schools) and informal settings in the areas of both general and vocational education. The insights gained by the analysis of school curricula in 11 European countries provide background information on how RRI fits in the framework of each national curriculum and on how easy or difficult it would be in each country to implement a curriculum and pedagogy that foster RRI. More specifically, the analysis revealed which aspects of this curriculum and pedagogy are already part of most teachers' current practice and which are absent. It also helped identify opportunities that one should take advantage of and the barriers to implementing practices that aim to promote RRI in science education.
Conclusions and Implications
We embarked on our study with the ambitious goal to contribute to bridging the gap between intended policy and actual practice in the area of RRI in the context of science education. The ongoing discourse on the role of science education in promoting and realizing RRI processes and outcomes lacks insights into how broad policy objectives are to be translated into objectives relevant to educational practice. On the one hand, many current EU-funded projects aim to raise awareness of RRI among science educators and students. On the other hand, this effort remains fragmented and lacks a comprehensive and coherent approach to deciding which aspects of RRI should and could be incorporated in science education. In this paper, we argue that in order to promote science education that fosters RRI it is necessary to investigate the space of intervention available to policy-makers who aim to incorporate RRI in science education. For that purpose, we developed and presented an analytical framework that helps map intended and actual practice with regard to RRI, as it is reflected in the curricula of 11 European countries. We demonstrated the potential of this framework as a tool of analysis by providing data on relevant outcomes, which we gathered from a cross-national analysis of curricula in these countries. Which policies and instruments can help foster RRI is still under investigation (Owen et al, 2013) . We hope that our findings may provide useful information that can shed light on how the intentions of policy-makers and current practices interrelate.
